Cholangiocarcinomas (CCAs) are tumors that develop along the biliary tract. Depending on their site of origin, they have different features and require specific treatments. Classification of CCAs into intrahepatic, perihilar, and distal subgroups has helped standardize the registration, treatment, and study of this lethal malignancy. Physicians should remain aware that cirrhosis and viral hepatitis B and C are predisposing conditions for intrahepatic CCA. Treatment options under development include locoregional therapies and a chemotherapy regimen of gemcitabine and cisplatin. It is a challenge to diagnose perihilar CCA, but an advanced cytologic technique of fluorescence in situ hybridization for polysomy can aid in diagnosis. It is important to increase our understanding of the use of biliary stents and liver transplantation in the management of perihilar CCA, as well as to distinguish distal CCAs from pancreatic cancer, because of different outcomes from surgery. We review advances in the classification, diagnosis, and staging of CCA, along with treatment options.
to have a slightly greater mortality from the disease than women (1.9 and 1.5 per 100,000, respectively). 2 In a large, single-center study, iCCA accounted for less than 10% of cases of CCA, pCCA accounted for 50%, and dCCA accounted for approximately 40%. 4 It makes sense that tumors that develop in the small vs large bile ducts have different symptoms and patterns of progression. Different subtypes of CCA also have been associated with different genetic factors. 5 
Risk Factors
Most CCAs are sporadic and have no identifiable risk factors. However, the incidence of CCA might vary among populations of different geographic origin because of differences in risk factors (Supplementary Table 1 ). In Southeast Asia (specifically Thailand), the incidence of CCA is as high as 113/100,000 people, 6 and hepatobiliary flukes, Opisthorchis viverrini, and Clonorchis sinensis, are risk factors. Bile duct cystic disorders also are risk factors for CCA and also are more prevalent in Asia than in Europe or North America; the lifetime incidence of CCA in people with these disorders ranges from 6% to 30%, 6 with an odds ratio from 10.7 to 47.1. 7, 8 Single extrahepatic, diverticulum-like, and multiple extrahepatic and intrahepatic cysts have especially strong associations with CCA. 9 Patients with bile duct cystic disorders are diagnosed with CCA at a mean age of 32 years, which is considerably younger than the age of CCA diagnosis in the general population (70-80 y). 6, 10 Many patients still develop CCA after excision of choledochal cysts because tumors can develop in noncystic portions of the biliary tree. 6 Caroli's disease, characterized by congenital, multifocal, segmental dilatation of the intrahepatic bile ducts, is another cystic disorder that increases risk for CCA. 6 Furthermore, 7% of patients with hepatolithiasis (particularly that characterized by calcium bilirubinate stones) develop iCCA. 11, 12 Although hepatolithiasis is observed more frequently in Asia, it also has been associated with CCA in Western populations. 8, [13] [14] [15] A less-commonly recognized risk factor for CCA is biliary-enteric drainage, which can cause bile stasis, inflammation, stone formation, and infection to promote epithelial cell trans-formation. 16 Thorotrast, which was used as a radiocontrast agent in medical radiography in the 1930s and 1940s, was reported to increase the risk for CCA 300-fold, compared with the general population. 6 Diabetes, obesity, alcohol consumption, and smoking exposure also might be risk factors for CCA, but data are limited and have not been verified. 6 A large number of genetic polymorphisms also have been reported to increase risk of CCA, but require further analysis. 6 
Intrahepatic Cholangiocarcinoma Risk Factors
Cirrhosis and viral hepatitis C and B are risk factors for CCA, 6 although the association varies with tumor type (they have the strongest association with iCCA), and it is stronger for hepatitis C than B. 23 It has been proposed that cholangiocarcinogenesis in patients with cirrhosis involves hepatic progenitor cells (HPCs). 11
Classification of Intrahepatic Cholangiocarcinomas and Mixed HepatocellularCholangiocellular Carcinomas
iCCA is a CCA subtype that arises from the intrahepatic biliary tract. Patients with iCCA often present with an intrahepatic mass lesion. Based on macroscopic growth patterns, iCCA can be divided into mass-forming, periductal-infiltrating, intraductal, and undefined subtypes. 1, 24 The mass-forming subtype is the most common and spreads via venous and lymphatic vessels. Patients with periductal-infiltrating tumors with mass-forming features have the worst prognosis of all patients with iCCA. 24 A superficial spreading type is a rare type of iCCA that does not usually invade the liver parenchyma, but instead spreads along the biliary duct lumen 11 and has better outcomes than other iCCAs.
iCCA are usually adenocarcinomas that are well, moderately, or poorly differentiated. Some researchers have proposed that rare types of iCCA, based on histologic analyses (Supplementary Table 2) , actually might be different tumors-many are not adenocarcinomas. 11 An increasingly recognized subtype of iCCA could arise from biliary ductules that contain bipotential HPCs; these tumors have similar gene expression patterns and clinicopathologic and molecular profiles to mixed hepatocellular carcinoma (HCC)-CCAs. 25 These tumors might arise via transformation of HPCs in a stem cell niche that have the potential to mature into hepatocytes and bile duct cells. 11, 26 However, hepatocytes recently were reported to transdifferentiate directly into CCAs. 27 All types of CCAs are associated with rapid proliferation of tumor-associated stroma cells, which contributes to desmoplasia.
Diagnosis
Patients with iCCA often present with nonspecific symptoms such as cachexia, abdominal pain, night sweats, and fatigue. 1 Patients with cirrhosis often are asymptomatic, with a mass identified in cross-sectional imaging studies (Figure 2A ). If a mass is identified in the liver of a patient without cirrhosis, risk factors, or history of nonhepatic primary cancer, then iCCA should be considered. Computed tomography (CT) and magnetic resonance imaging (MRI) greatly assist in the diagnosis of CCA. iCCA takes up contrast agent progressively during the arterial and venous phases of studies-especially if the lesion is larger than 20 mm. 28 iCCAs with extensive desmoplasia take up the contrast agent more slowly than tumors without desmoplasia, whereas active inflammation at the tumor parenchyma interface causes a rim pattern of peripheral enhancement. In contrast, HCCs typically take up the contrast agent rapidly during the arterial phase, and quickly wash out the contrast during the venous phase of the study. If surgery is considered for a patient with a small intrahepatic lesion without cirrhosis then a diagnostic biopsy might not be required because its results will not change the management strategy. In all other cases, a biopsy specimen should be obtained to confirm the diagnosis of iCCA ( Figure 2B ).
Either CT or MRI is appropriate for evaluation of tumor size, the presence of satellite lesions, the status of vascular structures, and for volumetric assessment of potential liver remnants; findings can be used to plan further treatment. Multidetector CT might be more accurate than MRI in predicting resectability, with an accuracy of 85% to 100% 29 ; CT also might be better for identifying extrahepatic metastases. The use of positron emission tomography (PET) in the diagnosis of CCA is limited; PET detects iCCA with sensitivity values ranging from 18% (for infiltrating types) to more than 80% (for mass-forming types). 30 PET sensitivity for the detection of extrahepatic CCA is 55%. The specificity values range from 33% to 80%, depending on the tumor's location. 31 In general, PET scanning is more helpful in detecting larger iCCAs and metastases 32 ; with advances in CT and MRI technologies, PET usually adds little to the diagnostic algorithm and should not be used routinely.
Carbohydrate antigen 19-9 (CA19-9) is a serum marker that can be measured to identify patients with iCCA, with 62% sensitivity and 63% specificity. 1 When the cut-off value is set at 100 U/mL CA 19-9, and patients do not have PSC, tests for this marker identify patients with resectable disease with 33% sensitivity, and patients with unresectable disease with 72% sensitivity. 33 Cut-off values of CA19-9 of 129 U/mL or greater detect iCCA in patients with PSC with sensitivity and specificity values of 79% and 98%, respectively. 34 Levels of CA19-9 of 1000 U/mL or greater have been associated strongly with unresectable disease. 33 Seven percent of the general population is negative for Lewis antigen and have undetectable levels of CA19-9. This makes interpreting a serum CA19-9 test useless in the Lewis antigen-negative population. 35 Although tests for serum levels of CA19-9 are not very useful in identifying individuals with iCCA, they can be used in conjunction with other diagnostic tools.
In mixed tumors, cholangiocellular elements can be identified by immunohistochemical analysis for cytokeratins (CKs) 19 and 7. Tumors positive for CK19 and CK7 can be considered mixed HCC-CCA. 36, 37 Identification of a mixed tumor has clinical implications because even if only a small number of its cells (5%) are positive for CK19, it has a high risk for recurrence after surgery compared with HCCs without cholangiocellular features. 38 
Treatment
Treatment options for iCCA are limited and associated with high rates of tumor recurrence and short survival times. When surgical resection can be offered, the median survival time is 36 months, with a recurrence rate of 62.2% after a median of 26 months of follow-up evaluation. 39 Sixty percent of patients who undergo curative resection (defined as negative tumor margins, R0) survive for 5 years, but less than 30% of all patients receive curative resections-even in centers with expertise. 4 The 5-year survival rate has been reported to be better for patients with iCCA (63%) than patients with pCCA (30%) or dCCA (27%). 4 Factors associated with reduced survival time after resection include positive tumor margins and lymph node metastases. 4 Cirrhosis also reduces patient survival times after surgery for iCCA. 40 Child-Pugh scores B and C, model for end-stage liver disease scores of 9 or greater, and portal hypertension are relative contraindications for resection of iCCA in patients with cirrhosis. Multifocal tumors have high rates of recurrence (>90%) and usually preclude curative resection. 39 Although liver transplants might seem to be a good option for patients with iCCA, the 5-year rate of tumor recurrence after transplantation is higher than 70%, and the median time of disease-free survival is only 8 months, which is unacceptably high. 37 One center treats patients with neoadjuvant therapy and advocates liver transplantation for those who respond. 41 Liver explants often contain both CCA and HCC, and some tumors thought to be small HCCs are, in fact, iCCA or mixed HCC-CCA, 37, 42 so it is reasonable to collect biopsy samples from any lesion with imaging features atypical for HCC before liver transplantation.
The Advanced Biliary Cancer (ABC)-02 study showed that systemic chemotherapy with a combination of gemcitabine and cisplatin prolonged survival times of patients with inoperable CCA, making it a treatment standard. 43 This treatment approach appeared to be most effective for patients with iCCA or gallbladder cancer, increasing survival times by approximately 3 months, compared with gemcitabine alone. Patients with cirrhosis were not included in the study-further trials are needed to determine if this therapeutic strategy also is effective in these patients. A recent meta-analysis supports adjuvant therapy for patients with lymph node-positive disease. 44 Targeted therapies also are being investigated. 45 Other viable therapeutic options for inoperable iCCA without extrahepatic metastases include transarterial chemoembolization, radiofrequency ablation, and transarterial radioembolization. Patients who receive transarterial chemoembolization or transarterial radioembolization had median survival times of 20 and 43.7 months, respectively, after diagnosis. 46, 47 However, this was an uncontrolled study. Patients with tumors smaller than 3 cm who were treated with radiofrequency ablation had an overall median survival time of 38.5 months. 48 No studies have compared transarterial radioembolization with transarterial chemoembolization or systemic chemotherapy with locoregional therapy. However, for patients amenable to locoregional therapy, this approach might be a palliative treatment option-especially for patients whose performance status (a major prognostic factor) precludes more aggressive approaches.
Perihilar Cholangiocarcinoma
Classification pCCAs develop anywhere from the second-order biliary ducts to above the site of cystic duct origin; they can have exophytic (mass-forming) and intraductal growth patterns. Intraductal pCCAs can be nodular or periductal infiltrating (also referred to as a sclerosing subtype). Periductal-infiltrating tumors can form an associated mass and are the most common subtype of pCCA. Intraductal papillary neoplasias include a range of lesions, from preneoplastic to invasive carcinomas, and often are well differentiated. They can be divided further into papilloma type, intraductal growing type, mucin-producing type, and cystic type. 11, 25 pCCA spread by perineural invasion and lymphatic metastasis. 1 Diagnosis pCCAs of the major bile ducts that cause cholestasis present earlier than iCCA; 90% of patients with pCCAs have painless jaundice, 10% have cholangitis, and 56% have systemic symptoms such as malaise, abdominal discomfort, nausea, anorexia, or weight loss. 49, 50 Weight loss with jaundice is common; patients with jaundice often regain their weight after biliary tract stenting. Depending on the presence or absence of other liver diseases (cirrhosis, PSC, and so forth), patients can have the cutaneous stigmata associated with chronic liver disease, or a history of inflammatory bowel disease. Tests for CA19-9 are helpful in diagnosis when used in combination with other diagnostic tests. However, levels of CA19-9 can increase with other hepatobiliary conditions (such as cholangitis or largeduct obstruction), so the test is less specific for pCCA than iCCA.
A new surgical staging system for pCCA has been introduced to improve and standardize determination of prognosis and tumor reporting. 51 This new system keeps the BismuthCorlette classification for assessment of biliary tree involvement (common bile duct, confluence, right and/or left hepatic ducts, and both ducts involvement), 52 but also considers tumor size (>1 cm, 1-3 cm, or ≥3 cm), tumor morphology (sclerosing, mass-forming, mixed, or polypoid), degree and specific location of hepatic artery and portal vein encasement (vessel involvement >180° indicates encasement), volume of the potential liver remnant, other liver diseases (fibrosis, nonalcoholic steatohepatitis, or PSC), status of lymph node groups (hilar and along the hepatic artery vs celiac and periaortic), and presence of distant metastases.
MRI, CT, endoscopic retrograde cholangiography (ERC), and, perhaps, endoscopic ultrasound (EUS) are used most frequently to diagnose and stage pCCA (Figure 3 ). Crosssectional imaging studies can reveal a biliary stricture with proximal bile duct dilatation, periductal thickening with or without associated mass, and vascular encasement; determine whether lymph nodes are involved; and identify distant metastases. When segmental or lobar atrophy is present, ipsilateral encasement of the portal vein often is detected. MRI with magnetic resonance cholangiopancreatography (MRCP) is a valuable diagnostic tool ( Figure  4 ), identifying pCCA with 89% sensitivity and 76% accuracy. 34 MRCP with 3-dimensional liver acquisition with volume acceleration sequences allows for detailed evaluation of the hilar and distal extrahepatic bile ducts and should be used when available. CT has a high negative predictive value for advanced disease (85%-100%), 29 but detects small intrahepatic and distant metastases with limited sensitivity. Abdominal ultrasound with vascular Doppler studies detect CCA with 57% sensitivity and 94% specificity 21, 34 ; these values vary between medical centers and with the size of the lesion, and the involvement of the hepatic artery and biliary tree can be underesti-mated. 29 EUS is becoming an important tool for staging pCCA-it is particularly useful in assessing lymph node and omental metastases, which can be identified by EUS-directed fine-needle aspiration (FNA). However, transperitoneal FNA of the primary tumor during EUS can result in tumor seeding. 53 Therefore, EUS with FNA is valuable in tumor staging, but primary tumor FNA should be used only in cases in which needle tract seeding would not change patient management. 54 ERC is virtually required for evaluation and assessment of pCCA. ERC allows acquisition of samples via brush cytology and endoscopic biopsy, and can be used in therapy, with dilatation and stent placement for relief of biliary obstruction. ERC identification of biliary stenosis with a dominant stricture, polypoid duct lesion, or marked proximal bile duct dilatation is a strong indicator of pCCA. The challenges to diagnosis of CCA relate to its highly desmoplastic nature and potential sampling errors. Cytologic specimens can be classified as negative for malignancy, atypical, suspicious for malignancy, and diagnostic of cancer. Specimens obtained by brush cytology have a sensitivity of 15% when only diagnostic of cancer results are used for the diagnosis of CCA and 48% when diagnostic of cancer plus suspicious for malignancy cytologic interpretations are combined for cancer diagnosis. 55 Because of the low level of sensitivity of cytology analysis, many centers use fluorescence in situ hybridization, which identifies chromosome abnormalities, such as amplifications or aneusomy (a marker for aneuploidy), that are present in most cancer cells. 55 The addition of fluorescence in situ hybridization to conventional cytology analysis increases sensitivity values to 38% to 58% and accuracy values to 77% to 83%. [56] [57] [58] [59] [60] Tests to detect deletion of chromosome 9p21 have increased the diagnostic yield of fluorescence in situ hybridization analysis to 93%. 56 Percutaneous transhepatic cholangiography is used as an alternative to ERC, especially when endoscopy is unsuccessful or technically unfeasible. Immunoglobulin (Ig)G4-related diseases can mimic CCA, so serum levels of IgG4 should be measured in all patients with perihilar or distal bile-duct strictures. 61, 62 If IgG4-related disease is suspected, immunohistochemical confirmation of significant IgG4 immunostaining in biopsy or cytologic specimens is desirable (Figures 3 and 5) . Even when IgG4-related diseases are excluded, approximately 10% of patients who present with what appears to be pCCA are found to have benign disease during surgery. 63 
Treatment
Until recently, the only curative treatment for pCCA was surgery with lobar (or extended lobar) hepatic and bile duct resection, with regional lymphadenectomy and Roux-en-Y hepaticojejunostomy; 20% to 30% of patients survived until 5 years after surgery. 4, 64 However, it is a challenge to stage pCCA accurately, which is required to select the best treatment plan. A recently proposed staging system properly incorporates different tumor characteristics to guide management. 51 Contralateral or bilateral vascular encasement often precludes surgery or obligates vascular reconstruction. Bilateral extension of pCCA to the level of the secondary biliary branches also precludes surgical resection. The presence of only regional (cystic, pericholedochal, hepatic arterial, portal, and posterior pancreaticoduodenal) lymph node metastases is not an absolute contraindication to resection, although patient outcomes are not as good as for patients without lymph node metastases. 65 Patients with PSC often require liver transplantation, rather than resection, because of parenchymal liver disease, skip lesions, and an oncogenic field effect. Sufficient volume of the liver remnant is required for patient recovery. If the tumor is potentially resectable, but the remnant lobe is of limited volume, perioperative preparation with relief of biliary obstruction with ERC or percutaneous transhepatic cholangiography and portal vein embolization of the affected lobe for induction of hypertrophy of the contralateral nondiseased liver lobe can be considered. 65 The role of preoperative biliary drainage is controversial. Clearly, it is not required for dCCA. 66 However, many surgeons and hepatologists advocate preoperative biliary drainage for pCCAs that are to be resected because of the heavy metabolic and regenerative demands on the liver remnant. Having the liver remnant drainage accomplished before these demands makes physiological sense.
A subset of patients with early stage pCCA respond well to neoadjuvant chemoradiation therapy followed by liver transplantation; Murad et al 67 reported 5-year rates of recurrencefree survival of 68% in a multicenter study-a rate similar to that for liver transplantation for other indications. Criteria for liver transplantation for patients without PSC include a tumor less than 3 cm in radial diameter, no intrahepatic or extrahepatic metastases, and unresectability. In patients with PSC, the criteria are a tumor less than 3 cm and no evidence for metastases; pCCA is therefore no longer a contraindication to liver transplantation. 68 The presence of substantial residual tumor on the explant is associated with disease recurrence, 69 so more studies are needed to determine the effects of adjuvant therapy for patients who have received liver transplants.
Patients with pCCA who are not candidates for resection or liver transplantation might consider systemic chemotherapy with gemcitabine and cisplatin. It is important to provide biliary drainage, in case of obstructive jaundice, to improve patients' comfort and ability to tolerate chemotherapy. An optimal level of bilirubin of 2 mg/dL or less should be achieved within 6 weeks if the level was 10 mg/dL or higher before stenting, and in 3 weeks if the level was less than 10 mg/dL. 70 The jury is still out with regard to safety and effectiveness of unilateral vs bilateral biliary stenting. Some would argue that drainage of 50% of liver volume is necessary to prolong survival, 71, 72 whereas others have associated bilateral stenting with a higher rate of complications, including bacterial cholangitis, when bilateral contrast is injected. 73 Selection of the proper stent to relieve biliary obstruction is becoming increasingly complex, given the growing number of options. Plastic stents should be used until diagnostic analyses and management decisions have been finalized. If patients are not candidates for surgery or liver transplantation, metal stents provide longer periods of patency than plastic stents, and are cost effective, with reasonable performance status and life expectancy of 6 months or longer. [74] [75] [76] Covered metal stents might provide longer periods of patency than uncovered stents because they preclude tumor ingrowth. [77] [78] [79] [80] The ultimate decision should be individualized and based on local expertise.
Distal Cholangiocarcinoma
Classification and Diagnosis dCCA develops anywhere between the cystic duct origin and the ampulla of Vater (without its involvement). dCCA arises from the precursor lesions intraductal papillary neoplasm or biliary intraepithelial neoplasia. 11 Well-to-moderately differentiated adenocarcinoma is the most common histologic subtype. 1 It is difficult to distinguish dCCA from early cancer of the head of the pancreas. However, dCCA is less aggressive than pancreatic cancer and merits more aggressive surgical intervention. Similar to pCCA, most patients present with painless jaundice, which leads to further evaluation. Blood tests typically show an increase in cholestatic parameters; cross-sectional studies show thickening and/or stricture of the extrahepatic bile duct with proximal bile duct dilatation, and, more rarely than for pancreatic cancer, an associated mass ( Figure 5 ). MRI with MRCP and CT can help to delineate the tumor burden-especially hepatic artery and portal vein involvement and the extension into the pancreas. ERC is an important diagnostic and therapeutic tool, but intraductal ultrasonography also is helpful in diagnosis. 81 EUS with FNA can aid in evaluation of lymph node metastases and status of the vascular structures. The role of direct intraductal visualization with cholangioscopy for diagnosis of dCCA is under investigation. 81 The data from studies dedicated specifically to dCCA are limited because of drawbacks of the prior CCA classification.
Treatment
Surgery for dCCA usually requires a Whipple procedure. When surgery is performed, positive lymph nodes are identified in 68% of patients with distal common bile duct tumors, compared with 28% and 29% for perihilar and intrahepatic CCAs, respectively. 4 The overall 5-year survival rate of patients with dCCA after R0 resection is 27%, with a median survival time of 25 months. 4 Perioperative chemotherapy or radiation therapy do not change the outcomes for patients with any subtype of CCA. Radiation therapy, based on our experience, can even precipitate the development of a difficult-to-manage cholangiopathy. Negative tumor margins are the most important predictor of patient survival. When R0 resection is not achievable, patients are given a combination of chemotherapy and relief of biliary obstruction.
Summary
CCAs arise from different topographic regions of the biliary tree; each subtype is characterized by its unique behavior ( Figure 6 ). Cross-sectional imaging studies and ERC with brush cytology analysis are mainstays of evaluation that can be enhanced by EUS and assays for serum levels of CA19-9. Treatment options for CCA are limited and should be tailored for each tumor subtype with respect to its extent, other liver diseases, level of vascular involvement, and presence of metastases. The only effective therapies are resection with negative tumor margins, for all CCA subtypes, and liver transplantation, for a subset of early stage pCCAs. Systemic chemotherapy with gemcitabine and cisplatin is a pragmatic practice standard for patients with inoperable tumors, although more effective therapies need to be developed. There is insufficient evidence for the efficacy of chemoradiation as a neoadjuvant, aside from liver transplantation neoadjuvant protocols. Increasing our understanding of the pathogenesis of CCA could lead to more effective therapies.
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